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ABSTRACT 
 
The effect of draught on the performance of geometrically similar models chisel furrowers was 
investigated. The experiment was carried out in an artificial soil in an indoor soil bin. The tool 
design parameters investigated were nose angle (10, 20, 30º), slide angle (5, 10, 15, 20º) and 
cutting edge height (2, 5, 10 mm). The operating parameters were tool travel speed (0.02, 0.05, 
0.10, 0.15 m/s) and tillage depth (2.5, 5, 7.5, 10 cm). The results showed that draught increased 
with increases in tool travel speed at increasing levels of tillage depth, nose and slide angles, and 
cutting edge height. There was no optimum value of speed for which minimum draught occurred 
at these levels of depth, nose and slide angles, and cutting edge height considered. Draught 
increased with increases in tillage depth at increasing levels of nose and slide angles, and cutting 
edge height. Although there was no optimum value of depth for which minimum draught 
occurred, tillage depth of 7.5 cm had more influence on the draught of the model tools. Since 
there were no optimum values of tool speed and tillage depth for which minimum draught 
occurred, the choice of a model tool should depend on soil failure pattern at shallow depths, and 
size and quality of furrow created at deeper depths. A general model equation with R² of 0.752 
was obtained for predicting the draught of the model tools. 
 
Keywords: Chisel furrower, tool design parameters, operating parameters, draught, soil bin, 
vertisol 
 
1. INTRODUCTION 
 
The objective of soil tillage in crop production is to produce soil conditions and environment 
favourable to crop growth by changing soil bulk density, soil-aggregate size distribution and 
other characteristics of the soil (Johnson and Buchele, 1969). Tillage tools and implements are 
used to produce those favourable soil conditions. One of the criteria used to assess the suitability 
of a tool for soil manipulation is the force required in pulling the tool through the soil (Gill and 
Vanden Berg, 1967). The effects of draught on the performance of different tillage tools and 
implements in different countries have been investigated (Oni et al., 1992; Shirin et al., 1993; 
Fielke, 1996; McKyes and Maswaure, 1997; Onwualu and Watts, 1998; Al-Janobi and Al-
Suhaibani, 1998; Manian et al., 2000; Shrestha et al., 2001; Gratton et al., 2003; McLaughlin and 
Campbell, 2004). All these researchers observed that draught varies with variations in soil 
conditions, tool design and operational parameters. 
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Tool speed and soil depth are the most prominent operational parameters that influence the 
draught of tillage tools and implements. Kushwaha and Linke (1996) stated that draught 
requirements of tillage tools as a function of operating speed are an important criterion for 
evaluating tillage implements either by field or laboratory testing. The degree to which speed 
affects draught varies with the level of speed used (low or high) and the type of tool investigated. 
ASAE (1993) and Summers et al. (1986) reported a linear relationship between tool speed and 
draught. Stafford (1979), Upadhyaya et al. (1984) and Mckyes (1985) reported a second-degree 
polynomial relationship between speed and draught. Taniguchi et al. (1999) reported an increase 
in draught with increases in travel speed for a mouldboard plough and the relationship between 
speed and draught was linear. Tool speed had a highly significant linear effect on the vertical 
force and a highly significant quadratic effect on the horizontal force, total force, moment and 
specific resistance of a vertical rigid tine operated in a compact clay loam and a compact sandy 
loam soils (Owen, 1989). Grisso et al. (1996) determined the draught of a tandem disk, chisel 
plough and field cultivator in a silty clay loam soil on wheat stubble field. Travel speed and 
tillage depth were used to study the draught of the tillage implements. They found the draught of 
the tillage implements to be significantly affected by both travel speed and tillage depth. The 
draught for the tandem disk varied quadratically with depth when used as a primary tillage 
implement. The tillage depth mostly influenced the draught of the chisel plough. Although the 
linear effect of travel speed was found significant, speed showed little effect on chisel plough 
draught. The field cultivator draught was linearly dependent on speed and speed by depth 
interaction, and quadratically dependent on depth. Fielke (1996) studied the effect of the cutting 
edge geometry of tillage implements on tillage forces, soil failure and soil movement below the 
tillage depth in the field and in a laboratory soil bin. He used experimental sweeps that were 
standardized with 400 mm width; 32 mm lift height, 10º rake angle and 70º sweep angle. He 
reported that increasing the speed of operation consistently increased the draught but had little 
effect on the vertical force. An increase in cutting edge height increased the forward and 
downward movement of soil at the cutting edge, and an increasing draught and vertically upward 
forces accompanied this. The sharp cutting edge of the tillage tool minimized the draught and 
vertically upward forces and it also gave a minimum of soil disturbance below the tillage depth.   
 
Al–Suhaibani and Al- Janobi (1997) investigated the effects of speed and depth on the draught of 
a chisel plough, an offset disk harrow, a mouldboard plough and a disk plough on a sandy loam 
soil in the field. The authors observed a significant increase in draught for all the implements 
with an increase in depth. The specific draughts of the four tillage implements were also affected 
significantly by speed and depth. Mckyes and Maswaure (1997) evaluated the effects of the 
geometric parameters of flat tillage tools on their draught, cutting efficiency and loosening of a 
moist clay soil. They observed increases in draught with width, depth and rake angle of the tools. 
Al-Janobi and Al-Suhaibani (1998) developed a general model equation for primary tillage 
implements (three chisel ploughs of different shanks, a mouldboard plough, an offset disc harrow 
and a disc plough) in a sandy loam soil.  The general form of their equation was a function of 
travel speed and tillage depth. They reported that speed and depth had significant linear effects 
on draught of all the implements.  The quadratic effect of speed and the interaction of depth by 
speed were not significant on the draught of the offset disc harrow.  The quadratic effect of depth 
on the draught of all the three chisel ploughs was not significant. But the quadratic effect of 
speed was significant for one of the chisel ploughs. Mouazen and Nemenyi (1999) estimated the 
draught and vertical forces, soil deformation and normal pressure distribution on four      
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geometrically similar subsoilers using the finite element method. The four subsoilers studied 
have a combination of a vertical shank with 15, 23 and 31° inclined chisels, and a 75° rake angle 
shank with 15° inclined chisel. They reported that a subsoiler with a shank angle of 75° and a 
chisel angle of 15° had the least draught. 
 
Although several reports on the effects of draught on the performances of different tillage tools 
and implements are available in the literature, there is no known report on a model chisel 
furrower. The model chisel furrower is a passive tillage tool (Ros et al., 1995) designed to 
specifically create a furrow in a vertisol for masakwa seedling transplanting. The chisel furrower 
has the characteristics of chisel tillage tools (Mckyes, 1985) and that of a furrow opener 
(Wiedemann et al., 1971). The chisel point (the cutting edge with different heights) was meant to 
cut through the soil with ease so that draught could be minimum. The left and right faces of the 
tool was expected to compact (hold back) the wet soil, which has the tendency of falling back 
into the furrow already created.  The flat bottom was to ensure a uniform furrow bed and the top 
slanting face was to allow the free flow of sliced soil segments. The chisel furrower was 
designed to create a furrow up to 15 cm soil depth.   
 
Masakwa is a dry season sorghum, which does not require rainfall but residual soil moisture. 
Substantial quantities of residual soil moisture are found in vertisols in the study area, which is 
its best medium for growth.  Masakwa is propagated through its seedlings that are usually raised 
for six weeks on nursery beds. A vertisol is a clay soil very hard to cut, loosen, stir or create a 
furrow in it when dry or wet with the existing tillage tools (Kanwar et al., 1982; Lombin and 
Esu, 1988). Masakwa farmers use wooden dibbles to make holes in the soil (vertisol) before 
seedling insertion. The use of wooden dibbles to make holes is slow and tedious. The need to 
mechanize masakwa cultivation in the over 4 million hectares of vertisols within the Savannah 
ecological zone of Nigeria (Klinkenberg and Higgins, 1968) led to this study. Although several 
reports on the effects of draught on the performances of different tillage tools and implements 
are available in the literature, there is dearth of such information on model chisel furrowers. The 
aim of the work was to examine if there was an optimum geometry for minimum draft and to see 
if this optimum varied with speed or depth of operation. 
 
 
2. MATERIALS AND METHODS 
 
2.1 Experimental Tillage Tool  
Thirty-six geometrically similar models of the chisel furrower were fabricated for the study. The 
model tool design parameters were cutting edge height (H); slide angle (β), nose angle (γ), length 
(L), width (W) and height (h). The nose angle is also referred to as approach angle (Zhang and 
Araya, 2001) and inclined angle at the tip of the tool (Yadav and Pandey, 1984). The heights of 
the model tools are determined by the slide angles while the widths are determined by the nose 
angles. The cutting edge of each tool was 1 mm thick. Figure 1 shows the geometric parameters 
of the model tools.       
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Figure 1. Geometric parameters of the model tool: L= tool length; H= cutting edge height; h= 
tool height; W= tool width; β= slide angle; γ= nose angle. 
 
 
2.2 Soil Bin and Carriage 
The study was conducted in a laboratory soil bin. The soil bin was located in the Tillage and 
Traction laboratory in the Department of Agricultural Engineering, University of Ilorin, Nigeria. 
The soil bin was 5.6 m long, 0.44 m wide and 0.58 m deep. A single-axle tractor was used to 
carry a rotary tiller, a roller compactor, a soil leveler and a tool holder. The rotary tiller was used 
for soil pulverization after each test run. The roller compactor was used to compact the 
pulverized and leveled test soil in the bin. A 3.73 kW, three-phase electric motor was used as the 
prime mover for the single-axle tractor, which served as the model tool and soil processing 
carriage. Voltage outputs of the dynamometer strain gage circuit were fed through a direct 
current differential amplifier to an S-T plotter for recording.  Mamman (2002) gave details of the 
design and construction of the soil bin, carriage and its accessories, transducer and an amplifier.  
 
2.3 Soil Description and Measurements 
The test soil was clay called vertisol (Typic Pellustert) with 5% sand, 35% silt and 60% clay. 
The vertisol was changed into an artificial soil by mixing with hydraulic transmission oil (Azolla  
 
68 ZS). The strength properties of the artificial soil determined were cohesion (3.66 kPa), 
adhesion (3.90 kPa), soil angle of internal friction (4.17°), and soil-metal friction angle (22°). 
Soil cohesion and soil angle of internal friction were determined using the direct shear test 
method. Soil-metal friction angle and adhesion were measured using a metal slider and a spring 
balance.       
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2.4 Treatments and Experimental Design 
Each of the 36 model chisel furrowers was tested at different combinations of the tool design and 
operational parameters. The slide angles used were 5, 10, 15 and 20°; and the nose angles were 
10, 20 and 30°. The cutting edge heights used were 2, 5 and 10 mm. Tillage depths used were 
2.5, 5, 7.5 and 10 cm while tool travel speed were 0.02, 0.05, 0.10 and 0.15 m/s. A 3x3x4x4x4 (3 
levels each of nose angle and cutting edge height; and 4 levels each of slide angle, tillage depth 
and speed) complete factorial experiment was set up in a randomized complete design (Gomez 
and Gomez, 1984) for data collection. This experimental set up had a total of 576 treatments and 
was replicated 2 times.  
 
2.5 Experimental Procedure and Data Analysis 
Prior to the tests, a consistent method for obtaining a uniform density of the test soil was 
established. The soil density was measured at two locations across the bin (20 cm apart), along 
the length of the bin (50 cm apart) and zero to 15 cm down the soil profile. The procedure for 
density measurement down the soil profile involved pushing a core-sampler into the compacted 
soil and using two depth gages to lift the core-sampler out of the soil. The soil was then emptied 
and weighed. To get the soil density, the volume of the core-sampler was used to divide the 
weight of the soil. Soil cores were removed from the surface down to a depth of 15 cm in 3 cm 
increments. This procedure was repeated for one to ten passes of the roller compactor. A uniform 
density of 1.78 Mg/m³ was obtained at six roller passes. Before each test run, the soil was 
compacted with six roller passes. This density was periodically checked for consistency.  
 
The test involved mounting the instrumented tool holder (Fig. 2) to the carriage, setting the tool 
to the appropriate depth of tillage and drawing the tool through the soil at a selected tool travel 
speed. As the tool moved through the soil, the transducer picked the forces encountered by the 
tool. At the end of the travel, the tool bar was removed and the carriage reversed. The soil was 
reconditioned by rotary tilling, leveled and then compacted to a uniform density. A different 
model tool was attached to the tool holder and then mounted to the carriage for another test run. 
This process was repeated for all the treatments. At the end of the tests, the draughts were 
computed using a regression equation established from the data obtained during the calibration 
of the instrumentation system. The draught data obtained from the experiments were subjected to 
analysis of variance (ANOVA) to determine treatment effects. The ANOVA was done according 
to procedures outlined in a statistical package; Genstat 5 (Huijsmans et al., 1998). After this, 
multiple regression analysis was performed using a General Linear Model (GLM) procedure also 
in Genstat 5 to get an equation that could enable one to predict the draught of the model tools. 
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Figure 2. Strain-gaged tool bar with a model tool attached: A–Model tool; B– Tool bar clamp 
 
 
3.  RESULTS AND DISCUSSION 
 
The analysis of variance of the draught is given in Table 1. All main effects affected the draught 
of the model tools significantly. Most of the first and higher order interactions were also 
statistically significant. This paper reports the results of the first order interactions.   
 
Table 1. Analysis of variance for model tool draught 
 
Source of variation 
 
SS 
 
       DF 
 
    MS 
 
      F-ratio 
 
P-value 
 
D (Tillage depth) 
 
72526.63 
 
       3 
 
    24175.54 
 
      978.43 
 
0.001 
 
S (Tool speed) 
 
74878.30 
 
       3 
 
    24959.43 
 
    1010.15 
 
0.001 
 
H (Cutting edge height) 
 
26484.97 
 
       2 
 
    13242.49 
 
      535.95 
 
0.001 
 
β 
  
59122.79 
 
       3 
 
      1970.60 
 
      797.60 
 
0.001 
 
γ 
 
68737.98 
 
       2 
 
    34368.99 
 
    1390.98 
 
0.001 
 
DxS  16124.94         9      1791.66  72.66  0.001 
 
DxH 
 
      90.17 
 
       6 
 
          15.03 
 
         0.61 
 
0.723 
 
SxH 
 
    187.02 
 
       6 
 
          31.17 
 
         1.26 
 
0.281 
 
Dx β  
 
  2247.16 
 
       9 
 
        249.68 
 
       10.11 
 
0.001 
    
     
  
   A   
 B      
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Sxβ 
 
  4301.31 
 
      9 
 
        477.92 
 
       19.34 
 
0.001 
 
Hxβ 
 
   486.03 
 
      6 
 
          81.00 
 
         3.28 
 
0.005 
 
Dx γ 
 
 8554.12 
 
      6 
 
      1425.69 
 
       57.70 
 
0.001 
 
Sxγ 
 
 3347.27 
 
      6 
 
        557.88 
 
       22.58 
 
0.001 
 
Hxγ  
 
     77.39 
 
     4 
 
          19.35 
 
         0.78 
 
0.539 
 
 βxγ 
 
 2222.19 
 
     6 
 
        370.37 
 
       14.99 
 
0.001 
 
DxSxH 
 
 1491.16 
 
    18 
 
         82.84     
 
         3.35 
 
0.001 
 
Dx.Sxβ 
 
11173.43 
 
    27 
 
        413.83 
 
       16.75 
 
0.001 
 
DxHxβ 
 
   406.19 
 
    18 
 
          22.57 
 
         0.91 
 
0.564 
 
SxHxβ 
 
   478.72 
 
    18 
 
          26.60 
 
         1.08 
 
0.385 
 
DxSxγ 
 
13111.84 
 
    18 
 
        728.44 
 
       29.48 
 
0.001 
 
DxHxγ 
 
    212.02 
 
    12 
 
          17.67 
 
         0.72 
 
0.734 
 
SxHxγ 
 
    165.99 
 
    12 
 
          13.83 
 
        0.56 
 
0.870 
 
Dxβxγ 
 
  4298.54 
 
     18 
 
        238.81 
 
        9.66 
 
0.001 
 
Sxβxγ 
 
  6431.85 
 
     18 
 
        357.33 
 
      14.46 
 
0.001 
 
Hxβxγ 
 
  1377.12 
 
     12 
 
        114.76 
 
        4.64 
 
0.001 
 
DxSxHxβ 
 
   1649.87 
 
     54 
 
          30.55 
 
        1.24 
 
0.175 
 
DxSxHxγ 
 
     784.08 
 
     36 
  
          21.78 
 
        0.88 
 
0.660 
 
DxSxβxγ 
 
11665.88 
 
     54  
 
        216.03 
 
        8.74 
 
0.001 
 
DxHxβxγ 
 
     688.84 
 
     36 
 
          19.13 
 
        0.77 
 
0.808 
  
SxHxβxγ 
 
   1045.32 
 
     36 
 
          29.04 
 
        1.18 
 
0.260 
 
Residual 
 
   2668.52 
   
    108    
          
          24.71 
  
 
Total 
 
397037.64 
    
    575 
    
 
SS = Sum of square; MS = Mean square; DF = Degree of freedom 
 
3.1 Influence of Speed on Draught at Different Levels of Depth 
   Figure 3 illustrates the effect of tool speed on draught at different levels of tillage depth. Draught 
increased with increase in tool travel speed. For all levels of speed, draught increased with      
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increase in tillage depth. At a tillage depth of 2.5 cm, draught increased from 94.23 to 133.2 N at 
tool speeds of 0.02 and 0.15 m/s, respectively. The draught obtained at a tool speed of 0.02 m/s 
increased from 94.23 to 128.29 N at tillage depths of 2.5 and 10 cm, respectively. For a tillage 
depth of 10 cm, draught increased from 128.29 to 158.68 N at tool speeds of 0.02 and 0.15 m/s, 
respectively. A second-degree polynomial equation gave the best fit between draught and speed 
at different levels of tillage depth. Summers et al. (1986) found a linear relationship between 
draught and speed for chisel ploughs, disks and sweep ploughs; and a quadratic function of speed 
for moulboard ploughs. The relationship between draught and speed has also been reported to be 
linear, second-order polynomial, parabolic and exponential (Stafford, 1979, Gupta et al., 1989; 
Onwualu and Watts, 1998).  
90
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Figure 3. Influence of tool speed on draught at varying levels of depth (average of all geometries 
at two replicates) (d=Soil depth; ¡d1=2.5 cm, ●d2=5 cm, Sd3=7.5 cm, d4=10 cm) 
 
3.2 Influence of Speed on Draught at Different Levels of Nose Angle 
The effect of tool speed on draught at different levels of nose angle is presented in Figure 4. The 
figure shows increases in draught with increase in tool speed. It can also be seen from the curves 
that for all levels of speed, draught increased with increase in nose angle. Mean values of draught 
at 10º nose angle increased from 97.91 to 132.35 N at tool speeds of 0.02 and 0.15 m/s, 
respectively. There were steady increases in draught at a tool speed of 0.2 m/s from 97.91 to 
124.84 N at nose angles of 10 and 30º, respectively. For 30º nose angles, draught increased from 
124.84 to 160.14 N at tool speeds of 0.02 and 0.15 m/s, respectively. Polynomial equations of the 
second-degree defined the nature of relationship between tool speed and draught of the model 
tools at different levels of nose angle.      
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Figure 4. Influence of tool speed on draught at varying levels of nose angle (γ=nose angle; 
¡γ1=10º, ●γ2=20º, Sγ3=30º) 
 
3.3 Influence of speed on draught at different levels of slide angle 
Figure 5 shows the influence of speed on draught at different levels of slide angle. The curves 
show that increases in tool speed led to an increase in the draught of the model tools. At all levels 
of speed, draught increased with increase in slide angle. For a slide angle of 5º, draught increased 
from 96.32 to 130.97 N at tool speeds of 0.02 and 0.15 m/s, respectively. At a tool speed of 0.02 
m/s, draught increased from 96.32 to 134.56 N at slide angles of 5 and 20º, respectively. The 
draught obtained at a slide angle of 20º increased from 134.56 to 156.82 N at tool speeds of 0.02 
and 0.15 m/s, respectively. Polynomial functions of speed at the second-degree gave the best fit 
for the speed-draught relationship.        
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Figure 5. Influence of tool speed on draught at varying levels of slide angle (β=slide angle: 
¡β1=5º, ●β2=10º,Sβ3=15º, β4=20º) 
 
 
3.4 Influence of speed on draught at different levels of cutting edge height 
The relationship between draught and speed at different levels of cutting edge height is presented 
in Figure 6. The plots show increases in draught with increase in tool speed. The draught 
recorded at a cutting edge height of 2 mm increased from 105.01 to 136.39 N at tool speeds of 
0.02 and 0.15 m/s, respectively. The draught obtained at a tool speed of 0.02 m/s increased from 
105.01 to 122.79 N at cutting edge heights of 2 and 10 mm, respectively. For a cutting edge 
height of 10 mm, draught increased from 122.79 to 151.16 N at tool speeds of 0.02 and 0.15 m/s, 
respectively. Polynomial equations of the second-degree established the relationship between 
speed and draught at different levels of cutting edge height. 
 
The increases in draught with increase in tool speed at varying levels of nose angle slide angle 
and cutting edge height (Figures 3 to 6) could be attributed to increases in tool velocity that led 
to an increase in friction force needed to accelerate the sheared soil segments.      
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Figure 6. Influence of tillage depth on draught at varying levels of cutting edge 
  Height (H=cutting edge height: ¡H1= mm, ●H2=5 mm, SH3=10 mm) 
 
 
3.5 Influence of depth on draught at different levels of nose angle 
Figure 7 illustrates the influence of operating depth on draught at different levels of nose angle. 
The figure indicates increases in draught at all levels of tillage depth and nose angle. For 10º 
nose angle, draught increased from 104.02 to 128.44 N at tillage depths of 2.5 and 10 cm, 
respectively. At a tillage depth of 2.5 cm, draught increased from 104.02 to 125.91 N at nose 
angles of 10 and 30º, respectively. For a nose angle of 30º, draught increased from 125.91 to 
158.18 N at tillage depths of 2.5 and 10 cm, respectively. The curves show a sharp increase in 
draught at a tillage depth of 7.5 cm for all levels of nose angle. This consistent increase in 
draught with depth could be attributed to the increased weight of soil on the tool. The influence 
of soil depth on draught at different levels of nose angle was represented by polynomial 
equations of the second-degree. This observation is similar to that reported by Desbiolles et al. 
(1997). The authors reported a second-degree polynomial relationship between draught and 
depth for disc plough, curved blade, chisel tine and low lift subsoiler tine. Summers et al. (1986) 
however, reported a linear relationship between draught and depth for mouldboard ploughs, 
chisel ploughs, disks and sweep ploughs.      
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Figure 7. Influence of tillage depth on draught at varying levels of nose angle (average of all 
geometries at two replicates) (γ=nose angle: ¡γ1=10º, ●γ2=20º, Sγ3=30º) 
 
 
3.6 Influence of depth on draught at different levels of slide angle 
Figure 8 shows the effect of soil depth on draught at different levels of slide angle. The draught 
obtained at a slide angle of 5º increased from 104.46 to 130.83 N at tillage depths of 2.5 and 10 
cm, respectively. Mean values of draught obtained at a tillage depth of 2.5 cm increased from 
104.46 to 130.56 N at slide angles of 5º and 20º, respectively. At a slide angle of 20º, draught 
increased from 130.56 to 155.92 N at tillage depths of 2.5 and 10 cm, respectively. Sharp 
increases in the mean values of draught were also observed at tillage depths of 7.5 cm for all 
levels of slide angle.  The relationship between draught and depth at different levels of slide 
angle was best described by a polynomial equation of the second-degree. ASAE (1984) also gave 
a second-degree relationship between soil depth and draught for a chisel plough.      
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Figure 8. Influence of tillage depth on draught at varying levels of slide angle 
(β=slide angle:¡β1=5º, ●β2=10º, Sβ3=15º, β4=20º) 
 
 
3.7 Influence of depth on draught at different levels of cutting edge height 
The effect of tillage depth on draught at different levels of cutting edge height is presented in 
Figure 9. For all levels of depth, draught increased with increase in cutting edge height. At a 
cutting edge height of 2 mm, draught increased from 109.11 to 140.47 N at tillage depths of 2.5 
and 10 cm, respectively. The draught at a tillage depth of 2.5 cm, increased from 109.11 to 
126.92 N at cutting edge heights of 2 and 10 mm, respectively. At a cutting edge height of 10 
cm, draught increased from 126.92 to 157.68 N at tillage depths of 2.5 and 10 cm, respectively.  
There were sharp increases in draught at a tillage depth of 7.5 cm for all levels of cutting edge 
height. Polynomial equations of the second-degree described the relationship between speed and 
draught at different levels of cutting edge height. 
 
The increases in draught with increase in tillage depth at varying levels of nose angle, slide angle 
and cutting edge height obtained in Figures 7 to 9 could be attributed to increases in soil weight 
of sheared soil segments on the model tools.      
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Figure 9. Influence of tillage depth on draught at varying levels of cutting edge 
          height (H=cutting edge height: ¡H1= 2 cm, ●H2=5 cm, SH3=10 cm) 
 
3.8 General model equation 
A number of different best-fit draught equations were formulated. The general form of the 
equation was a function of tool design parameters, tool travel speed and tillage depth. The 
regression equation that gave the best fit with maximum regression coefficients, coefficient of 
determination, and variables that have significant effect on the draught of the model tools is 
given as: 
FH = – 7.3 + 2.03 H + 2.306 β +1.741 γ + 6.664 S + 5.577 D - 0.201DS - 0.055 Sβ - 0.045 S γ – 
0.071 S
2 (R
2 = 0.752). Where FH = draught (N), S = tool speed (m/s), D = soil depth (cm), H = 
cutting edge height (cm), γ = nose angle (degree), β = slide angle (degree), R
2 = coefficient of 
determination. The parameters at probability, P<0.05 were considered for determining any 
significant effect on the draught of the model tools. The linear effects of tool speed and tillage 
depth on the draught of the model tools were highly significant. The influences of the tool design 
parameters on the draught of the model tools were statistically significant. The linear interaction 
between tool speed and nose angle, slide angle and tillage depth affected the draught of the 
model tools significantly. The quadratic effect of speed on the draught of the model tools was 
also significant but its contribution to the draught of the model tools was small. The high value 
of the coefficient of determination recorded in the general model equation obtained in this study 
indicated that the equation could enable anyone to predict the draught of the model tools within 
the range of speed and depth used in the soil bin.  
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4. CONCLUSIONS 
        
The artificial soil used had properties that are similar to the natural soil and those used by other 
researchers. Tool travel speed and tillage depth had significant effects on the draught of the 
model tools at different levels of nose and slide angles, and cutting edge height. Although there 
were steady increases in draught with increase in the levels of tool speed and tillage depth, nose 
and slide angles, and cutting edge height, tool speed and tillage depth had more influence on the 
draught of the model tools than the tool design parameters. This could be seen from the 
coefficients of the model equation obtained for determining the draught of the model tools. 
Trend line equations for all data points in all treatments gave polynomial equations of the second 
degree. There were no optimum values of tool speed or tillage depth for which the draught of the 
model tools were minimum. The choice of model tool will therefore depend on soil failure 
pattern and size and quality of furrow created.   
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